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M) £xiractmg energy from waves 

(f>7) A roeihod and an apparams for 0 en e fating electricity from wave energy which comprises a plurality of 
ju>rtop[)$Gd chambers (10) locored along a gradient below sea level. EBch chamber (10) is connected to its next 
Odidc-Ont chamber hy one-way valve means (12) and bellows or diaphragm members (11) are located above 
said cimmtw 0°)/ one for each chamber (10)- Wave action, acting upon such members 01), provides a 
fwesiiure (fifforontfol betwoen the two most remote chambers (10) which is utilised for generating elfictrfcfty. A 
plurality of rovws of chambers way be used with Interconnections therebetween (figure 41- The chambers may 
ho nrwjte from reinforced concrete which may be moulded in situ. 
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i 2282188 

IMPROVEMENTS IN AND RELATING TO THE GENERATION OP 
ELECTRICITY 

The invention relates to the generation of 
electricity and more particularly to methods and 
& apparatus for the generation of electricity utilising 
wave energy . 

Many schemes have been proposed for utilising wave 
energy for generating electricity, some of which are 
disclosed in repprt ETSU-R-72 published by The 

10 Department of Trade & Industry in 1992 and entitled "A 
Itoview of Wave Energy". The majority of the known 
arrangements are located at or above sea level , 00 
being environmentally unfriendly and being subject to 
damage by extreme weather conditions, and all are 

15 <5>xtrsmely inefficient in their conversion of wave 
energy. 

It is an object of the invention to obviate or 
mitigate the above disadvantages, 

According to one aspect of the invention there is 

20 provided a method of generating electricity from wave 
energy which comprises, locating a plurality of 
juxtaposed chambers along gradient below sea level, 
connecting each chamber to its next adjacent chamber by 
a one-way valve and locating bellows or diaphragm 

23 members one above each of said chambers to enclose a 
volume therewith, whereby wave action, acting upon such 
members, provides a pressure differential between the 
two most remote chambers which is utilised for 
generating electricity, 

30 According to a further aspect of the invention 

there is provided a method of generating electricity 
froTn wave energy which comprises / locating a plurality 
of juxtaposed chambers along a gradient below sea 
level, connecting each chamber to its next adjacent 

35 chamber by respective one-way valves and locating 
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bellows or diaphragm members above said chambers, each 
said member enclosing a volume above two adjacent 
chambers and spanning an oppositely acting one-way 
vaiva of each chamber/ whereby wave act ion , acting upon 
T> such roenibers, provides a pressure differential between 
the f r wo moat remote chambers which is utilised fox- 
generating electricity. 

The juxtaposed chambers may be located on or 
adjacent the sea bed and arranged to extend outwardly 
10 from a beach or shoreline generally in the direction of 
wftve motion. 

A plurality of rows of juxtaposed chambers may be 
provided and respective adjacent chambers may be 
interconnected laterally across the rows. 

15 The row(s) of juxtaposed chambers may be formed of 

reinforced concrete which may be moulded in situ or may 
be provided as preformed sections. 

Air may be introduced into the chambers nearest 
uhe beach or shoreline at low pressure and exhausted at 

20 higher pressure at the remote chambers. Such 
compressed air may be utilised to raise water to a high 
level water reservoir, for example with peristaltic 
pipes and may then be utilised for the generation of 
electricity by conventional hydroelectric means. 
. 25 According to yet a further aspect of the invention 

there. is provided an apparatus for generating 
electricity from wave energy which comprises a 
plurality of juxtaposed chambers located along a 
gradient below sea level, each chamber being connected 

30 to its next adjacent chamber by one-way valve means 4 
and bellows or diaphragm members located above said 
chambers, one for each chamber, whereby wave action, 
acting upon such members, provides a pressure 
differential between the two most remote chambers which 

3S is utilised for generating electricity, in use, 
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Each bellows member may comprise a sheet of strong 
flexible synthectic plastics material and may be in the 
ordor of five meters in diameter. 

The juxtaposed chambers may be formed in situ from 
£ reinforced concrete or may be provide as preformed 
sections, and located at or near the sea bed. 

The foregoing and further features of the 
invention may be more readily understood from the 
following description of some preferred embodiments 
10 thereof, by way of example f with reference to the 
accompany iug drawings, in which:- 

Pig, 1 is a schematic side sectional view of an 
apparatus of one embodiment of the invention; 
Fig. 2 is a schematic side sectional view of an 
IK alternatives apparatus in a, first condition relative to 
the first wave position; 

fc'ig, 3 is a view similar to Fig, 2 in a second 

condition relative to a second wave position, and 

Fig. 4 is a plan view of a typical apparatus as shown 

20 in Figs, 1, 2 and 3. 

Referring now to Fig. 1 of the drawings there is 
shown schematically an apparatus for utilising wave 
ranergy for generating electricity. A plurality of 
chambers 10 each having an upper surface formed by a 

33 diaphragm or bellows 11 are juxtaposed with one-way 
valves 12 therebetween. The chambers 10 are located at 
or near the sea bed and the operation of this apparatus 
is similar to that described in detail in respect of 
the embodiment of Figs, 2 and 3. 

30 Waves rolling in upon a coast exert varying 

pressures on points on the sea bed determined by 
alternate crests and troughs as they pass. Thus if a 
shallow concrete dish, over which is sealed a strong 
flexible plastic sheet / is placed on the sea bed and if 

355 that dish and sheet contain air, the pressure of that 
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air will vary as the waves roll in over the assembly. 
So the arrangement can be made to function as a 
bellows. As the bellows are well below the surface it 
will not be subject to the damaging surface turbulence, 
lis Fig. 2 shows a series of four such bellows 11 

arranged on a sea bed shelving towards the beach, with 
waves rolling in above them- Each bellows is about 5 
metres in diameter and below and between each is an air 
chamber 10. Non return air valves 12 connect the 

3.0 various components as shown. 

Air is fed into bellows (4) through valve (a) from 
a low pressure air reservoir (not shown) at a pressure 
controlled to be between that exerted on the bellows by 
succeeding wave crests and troughs. Thus, as a trough 

15 passes over a bellows, air will enter that bellows. It 
will be seen (Fig. 2) that wave crest (2) , being over 
bellows (4) , will force the air from that bellows 
through valve (b) into chamber (D) where it will be 
trapped by the closing of that non-return valve. The 

20 air pressure in chamber (D) will now be that due to the 
height of the wave crest IZ) above bellows (4) . As the 
waves roll in to the position shown in Fig. 3, where 
tho trough between wave crests (Y) and (Z) is over 
bellows (3) the water pressure on that bellows is less 

35 than the air pressure in chamber (D) , so the air in (D) 
will be transferred to bellows (3) , As wave crest (Y) 
rolls over bellows (3) it forces the air into chamber 
(C) and, since (C) is at a lower level than (D) , that 
air will be at a correspondingly higher pressure that 

3 0 it was whett it was in (D) . As successive waves roll 
in, air is steadily transferred to chambers (B) and 
then (A) , absorbing energy from the waves and 
increasing the air pressure as it is forced under 
deeper and deeper water. The air in chamber (A) is 
thsn passed into a high pressure air reservoir (not 
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^ jshown) while bellows (4) is fed with air from a low 
pressure reservoir (not shown) , whose pressure is 
appropriately controlled as mentioned above. 

It will be noted that in the above arrangements/ 
5 where the non-return air valves are installed to pass 
air to lower levels only, the system will function no 
matter from which direction the waves approach- The 
wav£ length or frequency does not have any relevance to 
the positioning of the bellows or their sise, provided 
;t0 that the wave length is more than twice the bellow's 
diameter. 

Each bellows operates as an independent unit no 
matter from which direction waves approach or what 
their frequency is. Even if the crests of the waves 

IS lie parallel to the line of the bellows in Figs 2 & 3 
the pumping action will function normally, the only 
difference being that a wave crest will pass over all 
four bellows simultaneously, forcing the air into all 
four chambers at the same time; when the next trough 

20 passes all four bellows will refill together. 

The foregoing is diagrammatic and simplified in 
order to demonstrate the principle of the bellows 
action. In fact a bellows battery containing a large 
number of bellows would be used and a plan view of such 

25 a battery is shown at Fig 4, In this arrangement, 
although each bellows remains individual, the air 
chambers are joined together horizontally to form air 
ducts along the length of the battery and running along 
contours of the sea bed- Thus a constant pressure over 

30 the entire length of the duct would be maintained. It 
• is envisaged that the seaward duct would be about 10 
metres lower than the in-shore duct, giving a constant 
pressure difference between a high and a low pressure 
air reservoir- The actual pressures would vary with 

3 5 the state of the tide, requiring the control of the 
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input pressure to the inshore duct, but the pressures 
difference would be constant. This is relevant as 
regards the next function of using that air pressure to 
pump water to high level water reservoir, 
B It might be thought that the pressures involved in 

such an installation would be too great for the plastic: 
sheets to stand and they would split. It is emphasized 
that j provided enough "slack* 1 is built into those 
sheets, very little strain would be imposed upon them. 

,10 They serve simply as membranes dividing air and water, 
tho pressures of which are equal and opposite. 

It io well known that the water within a wave 
performs a circular or rolling motion. The water at 
the top of that cix*cle moves in the same direction as 

15 the wave crest though slower while the water at the 
bottom of the circle moves in the opposite direction as 
the trough passes. So in Fig. 1 with wave moving from 
the left to right the rolling motion is clockwise and 
gets weaker as depth increases, 

20 If the only energy outlet is the seas* surface 

then the rolling motion is as described above, However, 
if there is another energy outlet on the sea bed as in 
this case that rolling motion will be as above in the 
top half of the water but will reverse and increase in 

25 strength from that half way level to the sea bed when 
its strength will be once again that at the surface. 

Originally it was intended that the presently 
proposed bellows battery should be sited around the 10 
metre depth contour (ie. between 5m and 15m) where the 

3 0 sum of the losses from the bottom drag and the ratio of 
bottom pressure to surface amplitude is minimum if no 
reversal of rolling motion occurs. For example, from 
the measurements reported in ETSU~R~72 of average 
bottom drag over four sites on the VJest of the U«K, 

3E> bottom drag reduced the energy in a wave on the 10m 
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contour to 38% of its original energy in deep water. 
This 38% is further reduced to 32% by the depth of the 
sea bed (0.85 for a 11.5 second period). However, if 
the rolling motion does reverse, the Bellows Battery 
5 could he sited in much deeper water, say in a depth of 
42m at which depth the Bristol Cylinder (described in 
FTSU-R-72) would be sited. 

Compared below is the energy collectable by the 
presently proposed bellows system and the Bristol 
10 Cylinder (which would seem to be one of the more 
favoured known devices) j - 

( a ) Bristol, cylinder (moored at 42m, centre of cylinder; 



Wave enex*gy in deep water 100% 

IK Reduced at 42m by bottom drag to 58% 

Reduced by directionality (35%) to 37.7% 

Reduced by mixed frequency (50%) to 18.85% 

Reduced by depth below surface (20V) to 15% 
(h) gellove. fivstem (sited around 10m,.- NO reversal of 
20 rollin g water) 

Wave energy in deep water 100% 

Rqduced at 10m by bottom drag to 3 8% 

Reduced by dix-ectionality NIL 3 8% 

Reduced by mixed frequency NIL 3 8% 

25 Reduced by depth below surface (15%) to 32% 

( a ) Bellow? System (sited around 42m. Reversal of 

raili ng . n ation pregenfil 

Wave energy in deep water 100% 

Reduced at 42m by bottom drag to 58% 

30 Reduced by directionality NIL 58% 

Reduced by mixed frequency NIL 5 8% 

Reduced by depth below surface NIL 58% 



Hence the bellows system would appear to be over 
twice ?as efficient as the Bristol Cylinder if no 
'■:i5, reversal of rolling motion occurs (32* as against 15%), 
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as 



while it is nearly four times as efficient if the 
reversal does occur (58* as against 15 ? *) . 

Tha bellows are each independent and function 
irrespective of their neighbours performance so long 
as those neighbour's are functioning. It might be 
thought that a wave flowing over the outer bellows 
lines would give up all its energy to those lines and 
have none left to activate the inshore bellows lines. 
In such a case the outer lines would become starved of 
air. Those outer lines would indeed be starved of air 
but only temporarily. Should those outer bellows be 
empty, the inflowing waves would pass over them, 
retaining their energy to activate bellows further 
inshore. Similarly if a particularly small wave has 
insufficient height to activate the outer bellows line 
it will flow over those bellows, retaining its energy 
until it reaches a shallower part of the battery where 
it: can give up its energy. The whole arrangement is 
self-adjusting in this and other respects. 

The presently proposed bellows system has 
advantages over the other devices currently being 
developed as listed below 

(a) It is uncomplicated and hence more likely to be; 
reliable and less e>cpensive to construct and maintain/ 

(b) It incorporates energy storage in its water 
reservoir to guard against calm periods; 

(c) It is away from the damaging surface turbulence and 
surf ; 

(d) It is not subject to losses from directionality or 
mix frequency wave patterns; 

(e) It is capable of expanding to supplant rather than 
augment conventional generating systems and is 
competitive with them; 

(£) It is unobtrusive to other sea users; and 
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(g) It appears to be considerably more efficient in 
collecting wave energy than the Bristol Cylinder, which 
is one the more favoured known devices. 
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CLAIMS : 

1. A method of generating electricity from wave 
energy which comprises, locating a plurality of 
juxtaposed chambers along a gradient below sea level, 

S connecting each chamber to its next adjacent chamber by 
a one-way valve and locating bellows or diaphragm 
members one above each of said chambers to enclose a 
volume therewith, whereby wave action, acting upon such 
members, provides a pressure differential between the 
10 two most remote chambers which is utilised for 
generating electricity. 

2, h method of generating electricity from wave 
energy which comprises, locating a plurality of 
juxtaposed chambers along a gradient below sea level, 

J r !5 connecting each chamber to its next adjacent chamber by 
respective one-way valves and locating bellows or 
diaphragm members above said chambers, each said member 
enclosing a volume above two adjacent chambers and 
spanning an oppositely acting one-way valve of each 

20 chamber, whereby wave action, acting upon such members, 
provides a pressure differential between the two most 
remo-e chambers which is utilised for generating 
electricity. 

3 « A method as claimed in claim 1 or 2 wherein 
2S thfc juxtaposed chambers are located on or adjacent the 
&e& bed and arranged to extend outwardly from a beach 
or shoreline generally in the direction of wave mot ion . 

4 . A method as claimed in any preceding claim 
wherein a plurality of rows of juxtaposed chambers are 
30 provided. 

5 „ A method as claimed in claim 4 wherein 
respective adjacent chambers are interconnected 
laterally across the rows. 
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6. A method as claimed in any preceding claim 
wherein the juxtaposed chambers are formed of 
reinforced concrete moulded in situ. 

7 . A method as claimed in any one of claims 1 to 
5 5 inclusive wherein the juxtaposed chambers are formed 

of rein£px"ced concrete and are provided as preformed 
sections * 

Q ♦ A method as claimed in claim 3 or any claim 
appendant thereto wherein air is introduced into the 
10 chamber (s) nearest the beach or shoreline at low 
pressure and exhausted at higher pressure at the remote 
chamber (s) . 

9. A method as claimed in claim 8 wherein the 
compressed air is utilised to raise water to a high 

X*> level water reservoir and then utilised for the 
generation of electricity by conventional hydroelectric 

means. 

10. An apparatus for generating electricity from 
W3V6 energy which comprises a plurality of juxtaposed 

$0 chambers located along a gradient below sea level, each 
chamber being connected to its adjacent chamber by one- 
way valve means, and bellows or diaphragm members 
located above said chambers , one for each chamber, 
whexeby wave action, acting upon such members, provides 

2S a pressure differential between the two most remote 
chambers which is utilised for generating electricity, 
in uae, 

11- An apparatus as claimed in claim 10 wherein 
each bellows member comprises a sheet of flexible 
30 synthetic plastics material. 

12. An apparatus as claimed in claim 10 or 11 
wherein each bellows member is in the order of five 
meters in diameter. 
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13* An apparatus as claimed in claim 10, 11 or 12 
weherein the juxtaposed chambers are formed in situ 
from reinforced concrete. 

14, An apparatus as claimed in claim 10, 11 or 
H 12 wherein the juxtaposed chambers are provided as 
preformed sections of reinforced concrete. 

15* A method of generating electricity 
substantially as hereinbefore described with reference 
to the accompanying drawings, 
10 16. An apparatus for generating electricity 

substantially as hereinbefore described with reference 
to the accompanying drawings. 
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AOSTFIAQT : PROBLEM TO B£ SOLVED: To provide a wave motion generator which is miniaturized 
and easy to maintain. 

SOLLMON: A wave motion generator 10 comprises a circular wave receiving base plato 
1 , a cylindrical piezoelectric element 2 positioned approximately at the central part of the 
other main face of tho wave receiving plate 1, a mounting plate 3 which pinches and holds 
Ihe piezoelectric element 2 with the wave receiving plate 1 and an enclosure member A 
which covers tho periphery of the side face of the piezoelectric element 2 spacing apart 
rrom the sido kico, and the wave motion generator 10 is fixed by adhering mounting plate 
3 to a fixing base G. 
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*> ; t 9**W»f MS< <r 0 . %L<Ol£h ***x * 
ft & fc «5f itSSWTBllJSfSrc* < T t -f-#«r«W)flE 

10012] 

it m ix mtrt .01.02 1 1 <^t6 

sR^S ^ttSlt^R 1 fc fc *» fcfcfrf* ftfJWRftlHK 

10 0 13] HJft^iI«3gT2fc(i. ±SJ*5J: V>'d5 
(^JfM-'i'i.'Cffiaa. 2bjW&j*StftTi3 0. ±ifi*^j 

[ 0 0 1 A ) ZZX\ iS^ttSS 1 «>-^»'ttt«)fE 

[ 0 0 1 ? ] «t . BB3fc*»W«)»2e)«it«»JBfc 
fl^l>te«)5&«K*2 0S:iSi-. jS»IL4.^K2 0(i. P3 
jfMK^ttffitiS<K2 1 fc, i*aft3&IR2 1 <Of6^±ffi« 
*WWW=«ftS *l^Pltt*W)IE**^ 2 2 1 , ffiiE* 
7-2 2 Sr^git^fi(2 1 fc fc t ti)MW*fc»<OllM« 
fl?23fc, E«* : P22^«!lSifcraSli&f5-5-CiR)»]!a| 
tSI? y dlEtt2 4i;A'<' J «/iS$^. US»tWKH2 Old: 
2 5 (^RftSW 2 3 d k t Jt OEIS^ 

[0016) «ffl«S«!2 1li. J£X« J F2 2t1?)»L 

2 1 <o~*"±?sat:c?rajJ^ : )M$'*^**fliiSt t * -? t v ^ . 

[0017) fltttf^ira*^ 2 Cfi. ±ftife 
Wdf KW««2 2a. 22b *#»SES*lT*5 0 . Jr. 

[ 0 0 1 S J ZZX\ &&mtt2 1 ^-*-±BK»#) 
EWtabt fcttWt*K 2 1 A«jm+4 . t *>«Wt 

fetSi I cr)&to { aittS;^ 2 2 [Zfc&l . ftHm? 2 2 *» 
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(3> 



wjmo-i 032 1 5 



a. 

[00 2 1] 3tK, Jff2^W*'»(wt3VrC(i, ft 
gJMfiKttinJWfc Jliltft w fc K J: 0 JfcOSSWHK * 

[00 22] ffl. J-l«J!iW!StipLA:««S 

[ o o 2 3 j a** fli<it-y«jBttfcnttJBiRi=i»a* 
ire jrasftT'* 1 1 a . 

■10 0 2 41**:, llW^fclSS&liJitttt^JiJtfft 

iC^WJ(S«S:»fflUTt.J:V>. 

' [ 0 0 2 51 *fc, ttUA«ttK^{:MiK$h.Ttt 

ffl if i\ h % mth 6 fctt , fe LT U J' U a v y y 



[00 26 J 352 «3afe»Jg«fr-^ L JfcttlMfclg 
«H2 0U8Wt, 2 1 tfcflltt 

fcUr-»T"**f. 3* 1 0^4J8ftK>i*TOXItaMK 1 

A**DBttfcLTt J:V». 

[00 27 1 4ft*«*friiHP!t'r**fr»i. #JMfW> 

ttttl/CKKLTtiAn. 

[0028] 

t o o 2 9 1 a*tWR«-^±iBKca»featt 

/^Wfett-f* iff/) 1 ♦> Xtt < , &<r>m<r> 

Pitt fogHmmmimx* < x t>-t-a**w>EE 
[oo3o]^ fete, tkRHmwDttfettcaiiima 

(can afttfea#JBKtt*ttftfts&s 

[H2lBlCWtiA- A»KitaT9r« i . 

[H3] *}^«W2^tt«»ttt«6*ill*«WB 

1,21 KKltStt 

2, 2 2 

10. 20 M&ua. 



[lau 



[1321 
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